ABSTRACT A comprehensive 8-yr survey of acarine ectoparasites (ticks and mites) of bats was carried out in 18 localities from 2002 to 2009. Most of the surveys were conducted during 14 national biodiversity scientiÞc expeditions throughout Malaysia. The objective was to identify acarines of known public health importance from bats and thus determine whether there is any potential public health risk in Malaysia. Trapping of bats was conducted using Harp traps and Mist nets. In total, 1,579 individuals comprising of 6 families and 52 species of bats were examined alive. In general, 25.6% of the bats were infested with acarines. Infestation rates of ticks, mesostigmatid mites, and chiggers on bats examined were 0.4, 10.4, and 14.7%, respectively. Their prevalence and mean intensity were tabulated. Genera of ticks extracted were Amblyomma, Dermacentor, Ixodes, and Ornithodoros. Of these genera, only two species can be identiÞed to species level and they are Amblyomma cordiferum and Ixodes simplex. In total, 8 genera and 15 species of mesostigmatid mites were found; the species were
species of fruit bats, including two species of ßying foxes (Pteropid bats) and Ͼ60 species of insectivorous bats (Medway 1978) . The latest list however, recorded 125 species (Simmons 2005) accounting for 40% of overall Malaysian mammals and 10% of the worldÕs bat fauna (Kingston et al. 2006 ). To date, there are at least 20 species of Old World fruit bats, belonging to the family Pteropodidae, and 105 species of insectivorous bats from the following seven families: Rhinolophidae (19 species), Hipposideridae (20 species), Megadermatidae (two species), Emballonuridae (Þve species), Nycteridae (one species), Molossidae (four species), and Verspertilionidae (54 species) (Faisal-Ali et al. 2008) .
Many foreign scientists have come to Malaysia to study bats (Faisal-Ali et al. 2008) but not many of them gave special focus to acarine ectoparasites (ticks and mites). Little information is available on acarines associated with bats in Malaysia. Most of the information was from taxonomic descriptions of mites on bats (Fain and Domrow 1961 , Fain and Nadchatram 1962 , Baker and DelÞnado 1964 , Fain et al. 1982 , Deunff and Volleth 1987 , Deunff and Volleth 1989 , Uchikawa et al. 1994 . Surveys during colonial era studied only ticks (Kohls 1957 , Audy et al. 1960 , Hoogstraal et al. 1972 and it was only in 1971, when other acarines were studied thoroughly as well (Beck 1971) . The latter study, however, identiÞed acarines only to the family level. In later decades, acarines of bats also were studied (Ho et al. 1985 , Shabrina 1991 but either the number of bats examined and infested was small or identiÞcation was not precisely made.
To gain more information, acarines were collected from a number of species of bats to determine the species present, calculate percentage of infestation, and investigate host speciÞcity, if any. As part of the nationÕs preparedness for emerging and re-emerging of zoonotic diseases, there is a need to document acarine infestations on bats. The aim of this study, therefore, was to make a list of acarine ectoparasites on bats examined from 2002 to 2009 during research Þeldworks and scientiÞc expeditions in Malaysia. This study represented the most comprehensive survey of acarines of bats in the country to date. The data then were compared with those published from 1957 to 1994 for a compilation of an up-date list of acarines of bats in Malaysia.
Materials and Methods
A comprehensive 8-yr survey of acarines (ticks and mites) of bats was carried out in 18 localities from 2002 to 2009. Most of the surveys were conducted during 14 national biodiversity scientiÞc expeditions throughout Malaysia. Bats were captured using Harp Traps and Mist-nets (TROPZEA Resources Co., Cheras, Malaysia) set along trails in the forests and those leading toward mouth of caves. The traps and nets were checked twice daily (i.e., at early dawn and dusk). Bats caught were transported in cloth bags to a Þeld laboratory, identiÞed to species, and examined alive for acarines. The cloth bags also were examined to ensure total coverage of acarines. The majority of bats in Malaysia are totally protected under current legislation; killing of those bats is not allowed. Examination was therefore a general screening and conducted as fast possible with special attention given to the wing membranes, body, between shoulder blades, under the chin, eye-lids, ear lobes, and nose. The body fur was parted by mouth blowing. Any acarines found were extracted with a Þne forceps and preserved in vials containing 70% ethanol. Bats were released immediately once examination was completed. Ticks were directly identiÞed and mites were mounted before identiÞcation. Wherever possible, acarines were identiÞed to species level.
Results
In total, 1,579 bats in six families and 52 species were examined alive. Most of the bats were insectivores (90.6%) from Þve families (i.e., Hipposideridae, Rhinolophidae, Megadermatidae, Nycteridae, and Verspertilionidae). The others were fruit-bats of the family Pteropodidae. In general, 25.6% of the bats were infested, with chiggers being the most commonly found ( Table 1 ). The acarines were conÞned either to the wing membranes or to the furred bodies of the bats.
Infestation of Acarines on Fruit Bats. Not all species of fruit bats had acarines. Three species were clean, namely Balionycteris maculata, Cynopterus brachyotis, and Megaerops ecaudatus. Only eight individuals (5.4%) of six species of fruit bats were infested and the prevalences ranged from 5.3 to 100%. Five genera belonging to four families of acarines were found on these bats. The families were Argasidae, Ixodidae, Laelapidae, and Spinturnicidae. Acarines extracted were from two genera of hard ticks, one genus of soft tick and two genera of mesostigmatid mites ( Table 2) .
Infestation of Acarines on Insectivorous Bats. The most common family of insectivorous bats captured was Hipposideridae (40.7%), followed by Rhinolophidae (40.5%), Vespertilionidae (18.3%), Nycteridae (0.4%), and Megadermatidae (0.1%). The highest infestation rate was on Hipposideridae (39.5%), followed by on Rhinolophidae (24.7%) and Vespertilionidae (8.0%). Only one of the single Megadermatidae species (Megaderma spasma) captured was infested and all bats of the family Nycteridae Table 3 ). In total, 11 genera of chiggers was found. Two families of mesostigmatids but no ticks were found on the bats. Although a lower infestation rate was observed on Rhinolophids, a total of 17 species belonging to 12 genera of acarines were identiÞed (Table 4) . Most of the parasitized species harbored two or more acarines. A species of bats, Rhinolophus affinis, was infested by ticks, mesostigmatids, and chiggers. A tick, Ixodes simplex, was extracted from R. affinis caught in Cameron Highlands. Differing from other families of insectivorous bats, Vespertilionids were infested mainly by mesostigmatid mites (Table 5 ). Seven species belonging to Þve genera and three families of mesostigmatids were found. A mite, Spinturnix bakeri, was mostly found on wings of two species of bats caught in Tasik Chini, Pahang. Infestation with another two closely related species of Spinturnix mites in the same locality also was observed.
Comparison of Data with Previous Surveys. A comparison of acarines found from the current and published surveys is listed in Table 6 . Findings of 14 pub- lished data were combined and also compared with unpublished data from IMR records. In general, a total of 23 species in 24 genera of acarines were listed from the current survey. The number of ectoparasites found during this survey is greater than reported in previously published data of acarines of bats in Malaysia. The published data list only 14 species in 12 genera of acarines. Unpublished data from IMR recorded 21 species in 22 genera of acarines to make an up-to-date list of a total of 47 species in 38 genera of acarines of bats in Malaysia. The diversity and identiÞcations of the acarines collected from bats in Malaysia were listed in Table 7 .
Discussion
Some smaller mites of the order Astigmata frequently found on bats captured in Malaysia (Fain and Domrow 1961; Fain and Nadchatram 1962; Beck 1971; Fain et al. 1981 Fain et al. , 1982 were not found in the current survey. This might be because of fast screening and time constraints for the activity. It is possible that 
Reference from Kohls (1957) , Audy et al. (1960) , Fain and Domrow (1961) , Fain and Nadchatram (1962) , Baker and DelÞnado (1964) , Beck (1971) , Hoogstraal et al. (1972) , Fain et al. (1981) , Fain et al. (1982) , Ho et al. (1985) , Deunff and Volleth (1987) , Deunff and Volleth (1989) , Shabrina (1991) , and Uchikawa et al. (1994) . (Baker and Craven 2003) . There are some reasons for not having precise species identiÞcation of acarines on bats. Most acari extracted were immatures and some of the characters were not well developed, which hindered species identiÞca-tion. Some of the acarines were not successfully identiÞed because of lack of expertise and unavailability of taxonomic keys. There were not many local acarologists that can identify acarines. Expertise is lacking in the country and effort should be taken to train more taxonomists in the Þeld of acarology related to public health. Ticks of the genus Dermacentor in southeast Asia are all potential vectors of disease (Petney 1993) . In Malaysia, Dermacentor atrosignatus Neumann is a probable vector of Lanjan virus (Karabatsos 1985) . Some unidentiÞed immatures of Ixodes ticks are of concern as Ixodes granulatus Supino is known to harbor pathogens (Petney 1993) and is a vector of Langat virus that can cause fever or encephalitis in infected humans (Petney and Keirans 1994) . Some evidence suggests that ticks also are involved in enzootic transmission cycles of Spotted Fever Group rickettsiae and of the agent of Q fever, Coxiella burnetti Derrick in Malaysia and Sabah (Petney and Keirans 1994) . There is not much information on the vectorial potential of Amblyomma but an unidentiÞed viral strain was isolated from A. cordiferum ticks collected from a python snake in Malaysia (Audy et al. 1960) .
The presence of mites of the genus Spinturnix on bats in Malaysia is of concern as rickettsial agents (such as species of Anaplasma, Bartonella, and Spiroplasma) have been detected in related ectoparasitic species of Spinturnix (Reeves et al. 2006) . Another potential vector identiÞed is L. deliense Walch, one of the main vectors of scrub typhus in Peninsular Malaysia De Witt 1976, Oaks et al. 1983) . Rhinolophids have been identiÞed as important hosts of these trombiculids (Audy et al. 1960) and in this study, they were the second most abundant family of bats caught. There is no local epizootiologic significance to the infestation of bats by L. deliense with respect to scrub typhus. At most, these bats might transport infected chiggers to new localities. This is because perpetuation of the scrub typhus agent depends solely on transovarial transmission in the chiggers (Traub and Wisseman 1968) .
There was serological evidence of infection with Nipah virus in bats during investigation of an outbreak of disease in pigs and humans in Malaysia (Johara et al. 2001) . Although bats are host to many species of acarine ectoparasites, it is not known whether those acarines are of signiÞcance to human health. To our knowledge, acarine ectoparasites found in the country have not been implicated as a source of disease to bats and nothing is known of their role, if any, in the transmission and distribution of zoonotic pathogens. DNA from Bartonella has been detected from ticks and mites of bats (Loftis et al. 2005 , Reeves et al. 2006 . Another study conducted in Korea showed a potential relationship between ectoparasites of bats, rickettsia, and Hantan virus (Lee et al. 1998 ). The few mentioned acarines are only an indication of the potential risk for infection to animals. Further studies therefore are needed to determine whether these ticks and mites are actual or potential reservoirs of the mentioned agents of disease.
